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Executive Summary
This report examines the sustainability of Trane’s EarthWiseTM climate control systems in the
Salt Lake Valley (and the United States Mountain West in general). A simulation is performed to
determine the best climate control system for a LEED Silver, 5-story tenant office building. This new
building is a duplication of a pre-existing building. The climate control system installed at the preexisting
building is used as a baseline against which three (3) alternative systems are compared. The social,
ecological, and economic impact of each alternative is examined to determine which is the most
sustainable. Since the baseline system is a proven option for LEED, and therefore ecologically
sustainable, emphasis is given to the economic viability of the alternatives.
The first alternative reduces temperature of the air supplied to the conditioned space. The
theory is that by supply cooler air, less of it can be delivered, which should result in smaller equipment
with lower installation and operation costs. This system would save approximately $8,000 per year in
utility costs. The second alternative adds thermal storage to the baseline. With this system, ice can be
produced at nighttime, when electricity is cheap and plentiful, and then melted during the day to offset
some of the cooling requirements for the building. By shifting the time the energy is consumed to offpeak hours, this alternative saves over $18,000 a year in electricity costs. The final alternative combines
the first two alternatives with a new high efficiency chiller running a more efficient refrigerant. In the
end, despite the increased installation cost of the fourth alternative, it is selected as the favored system
because of its low cost of operation (saving over $26,000 a year) which results in a payback period of
less than 3 years. These savings result in a 44.5% return on investment, which makes this particular
alternative a highly attractive climate control system for the given building, and one that is worth
considering for other buildings in similar climates.

Introduction
Although commonly looked at as a burden of doing business in the modern era, green building
and sustainable production can actually provide a business advantage. Green building, in particular, can
result in substantially higher construction costs as steps are taken to mitigate the environmental impact
of new construction. However, building green may not always a burden. There may be instances in
which energy saving options may not only reduce environmental impact, but may also positively affect
the bottom line for the builder. If such a system lowered the overall environmental impact of a building
while at the same time reducing expenses, it would be well on its way to be considered not just green,
but sustainable.
Sustainability can be simply defined as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” (NGO Committee on
Education 1987). So, in order for an HVAC system to be considered a sustainability improvement, it
needs to reduce environmental impact, while lowering costs or increasing profits, and beneficially
impacting the community into which the system is installed. Only when something meets all three of
these requirements, does it qualify as sustainable. This project examines the five-story “Thanksgiving
Park II” office building in Lehi, Utah to determine if an energy saving (and therefore more-green)
heating, ventilation, and air-conditioning (HVAC) system would provide both a business advantage and a
more positive community impact than a traditional system.
As one might imagine, the highly conservative Salt Lake Valley is not quick to adopt anything
simply because it is green. In order for a green HVAC system to be installed in a new building, it needs to
be proved as sustainable. In the summer of 2010, the Rocky Mountain division of the Trane Company
was given the opportunity to help select the HVAC system to be installed at Thanksgiving Park II. The
building will be a five story office building of identical design to a pre-existing building. The HVAC system

will bid late in 2010 with a selection being made by the owner and engineers by the end of the year.
Rocky Mountain Trane decided to use this opportunity to evaluate some new, supposedly much more
efficient, technology. This seeks to determine the most sustainable (economically, ecologically, and
socially) system to present for possible installation.

Scope and Deliverables
Within the six-month time frame, an entire heating, ventilation, and air-conditioning system
needs to be laid-out to service the new 250,000 square foot building. Starting with the system installed
in the pre-existing building as a baseline, multiple alternatives will be analyzed to establish the best
recommendation based on the criteria. The analysis aims to find the most sustainable air-conditioning
and ventilation system available from Trane. The heating system of the building will not be analyzed as
Trane has not introduced any major changes to heating equipment since the installation of the system in
the pre-existing building. The main technologies to be analyzed are low-temperature low-flow air,
thermal storage, and “free-cooling” economizers. Once the analysis is complete, a final recommendation
will be made for the most sustainable system.
The analysis will be carried out using the TRACE 700 software package from Trane. The program
will be given the dimensions and exposures of the building, then using a highly specialized weather data
package, TRACE will determine the exact heating and cooling load experienced by the building for every
day of the year. Once the loads have been determined, various HVAC systems can be simulated in the
building to find the one with the lowest economic, environmental, and social impact. Of particular
importance is the economic impact. It is necessary to determine if it is possible to see a return on the
investment in a newer (and potentially more expensive) HVAC system. This process will be discussed in
further detail in the Methodology section of this report.

Organization
The report will be organized as follows:


A case is made by presenting related coursework that finding the solution to this
problem is in-fact an ideal Industrial Engineering project.



The background of sustainability as it relates to green building, and in particular heating,
ventilation, and air-conditioning, is presented.



A review of pertinent academic and professional literature to support the assumptions
and conclusions of this report.



The project organization and design will be established.



A detailed description of the process by which the conclusions are reached.



The conclusions of the analysis and final recommendations of the Rocky Mountain Trane
sales office to the builders is described in detail, along with supporting reasoning.



Finally, conclusions and pertinent generalizations are presented to the reader.

Applied Coursework
As a Senior Project, this report will draw upon material from the following Industrial Engineering
courses offered at California Polytechnic State University, San Luis Obispo:
IME 239 – Industrial Costs & Controls provides the foundation of business practices that will allow this
project to be successfully implemented by Rocky Mountain Trane at Thanksgiving Park II.
IME 314 – Engineering Economics has laid out the financial decision-making system which proves that
this system is a financially wise investment.
IME 319 – Human Factors Engineering principles are applied to define comfortable working
environments.

IME 401 – Sales engineering skills are used to research and recommend the solution. Consultative sales
abilities are utilized to present the solution to the decision-making engineering firm.
IME 301/405/407 – The ability to optimize the competing economic, ecological, and social factors is
essential to a successful system selection.
IME 420 – The TRACE 700 program is an analytical simulation technology that requires careful tuning in
order to achieve accurate results.

Background
The HVAC system to be analyzed is destined for the Thanksgiving Park II office building. The
owner of the Thanksgiving Park office building complex prides itself on green building. According to the
website, Thanksgiving Park I is the first Class-A office building in Utah to be certified as LEED Silver. The
building owners claimed to emphasize “state-of-the-art strategies for sustainable site development,
water savings, energy efficiency, materials and resources selection, and indoor environmental quality”
(Thanksgiving Park 2010). As such, the owners desire to implement the most environmentally
responsible systems feasible in Thanksgiving Park II. For this reason, the owner’s engineers approached
Rocky Mountain Trane with a request for a highly efficient air-conditioning system. Although not an
abnormal request, given the current economic climate, most builders are requesting the least expensive
installed HVAC option, often at the expense of efficiency and life-cycle costs. The climate of 129,000
square feet of tenant office space can be very expensive and difficult to maintain even with the best
equipment; using a bargain priced option may make it impossible. Because of the scale and prominence
of the Thanksgiving Park II building, the leadership at Rocky Mountain Trane has determined to spend
extra time selecting the most sustainable system possible.

This decision fits nicely with Trane’s recent push into the green building market. Dubbed
“EarthWiseTM” systems, Trane recently introduced a line a HVAC systems aimed at reducing
environmental impact while potentially lowering overall life-cycle costs. A typical EarthWiseTM system
employs the so-called “low-temperature, low-flow” central chiller plant paired with a high efficiency
chiller. In this system, the central chiller plant produces supply air for the air-conditioning system at 48°F
rather than the standard 55°F. As a result, a smaller volume of cold air is required. Therefore smaller
fans, coolant pumps, and ductwork can be used. The result, in theory, is that less energy is required to
keep the conditioned space at a comfortable level. The problem is, these systems were designed by
corporate engineers, and the possibility exists that the new systems are not the as sustainable as they
are purported to be in all regions and climates. Thus, the system selection for Thanksgiving Park II is not
just another opportunity for the office to close a large deal, but also to test the viability of the
EarthWiseTM systems in the Salt Lake City market. The climate of Salt Lake City is similar to much of the
mountain west with cold winters and hot, dry summers. Monsoonal rains are common in the summer as
are temperatures far in excess of 100°F. So, proving the EarthWiseTM systems in Salt Lake City could lend
credibility to these systems throughout the Rocky Mountain States. But, in order to close the deal
(which remains the number one goal), the EarthWiseTM system needs to live up to its reputation as an
economically wise decision, not just an ecologically sound one. This is where the analysis begins.

Literature Review
The system analysis begins by reviewing the pertinent literature on a variety of topics, from
sustainability and green building to various energy saving technologies, optimizing HVAC systems,
refrigerants, and occupant comfort. Studies linking employee comfort and productivity are reviewed as
well. The owners of the Thanksgiving Park corporate park claim that their goal is to be sustainable and
that to that end, they have built the first LEED building in Utah (Thanksgiving Park 2010). They assert
that every effort has been made to reduce energy use. Specifically, the building complex uses the most

efficient air-cooled chillers available. This is important because “buildings are some of the largest
consumers of natural resources and the largest generators of carbon emissions” (Hsieh 2007). According
to some estimates, buildings are responsible for 39% of all CO2 emissions and use 70% of all electricity in
the United States. Globally, buildings consume 15trillion gallons a water a year and consume 40% of all
raw materials (Hsieh 2007). Thankfully, Hsieh also points out that “green buildings use 36% less energy
… and reduce CO2 emissions by *up to+ 50%.” Reducing energy consumption is the first step in the
process for a building to become LEED certified.
The first rule in saving HVAC energy is to reduce the building load. This can be accomplished
through proper orientation of the building to minimize thermal gains at peak times, by glazing exterior
glass, and by proper construction techniques that limit the amount of unconditioned outside air leaking
into the building (Biesterveld 2008). Once the building itself is as efficient as possible, it is necessary to
begin work on the HVAC system itself. There are a number of different technologies for reducing climate
control costs. The trick is to find which options will optimize the system for a particular climate, and
more importantly, for a specific building.
One of the most important considerations in the selection of HVAC equipment is which
refrigerant to use. Currently, two refrigerants are used in central chilling plants, HCFC-123 and HCFC134A, better known as R123 and R134-A, respectively. R123, though more efficient than R134-A, is actually
slated to be phased out over the next 20 years while R134-A has no official phase-out date at this time.
According to the Kyoto Protocol, R123 will not be allowed in new HVAC equipment after 2020, but the
refrigerant itself can continue to be produced until 2030 (Thompson 2009). After 2030, R123 can only be
replaced through the recycling of existing refrigerant. Because R134-A has no specific phase-out date
and a lower global warming potential than R123 may companies view R134-A as preferable to R123.
However, R134-A systems run at higher pressures (R123 actually run under a vacuum) and so the

leakage rate of R134-A is much higher than the leakage rate for R123. This means that although the
global warming potential for each gram of R123 is higher than the potential for each gram of R134-A,
more R134-A leaks into the environment than does R123, which results in R134-A causing more
environmental damage. As a result of this, Europe has already banned the use of R134-A in all new cars
as of 2011 (Thompson 2009). And, because R123 systems run at much lower pressures, they are actually
much more efficient. The research therefore seems to support the use of R123 to achieve the most
efficient (green) system possible, which is convenient for the Trane sales office, since Trane chillers use
R123 almost exclusively.
One of the oldest concepts for saving energy on building climate control is what is known as
“free cooling.” The simple idea is to use the ambient environment (outside air) to provide as much
cooling as possible. Because of the heat load generated inside of a building by office equipment, people,
lighting, etc. most large office buildings require year-round cooling in order to maintain a comfortable
Figure 1 - Simplified Free Cooling Diagram

working environment. Free cooling utilizes
a heat sink that is below the return
temperature to reduce the load on the
cooling system. Figure 1 shows a simplified
free cooling system. In this system, cool air
flows from the chilling plant at 55°F to the
conditioned space which is maintained at
72°F. As the supply air warms it is sent
back to the chiller at the return

temperature of 78°F. But, if there is a natural heat sink (outside air, incoming domestic water, etc) that
is below the return temperature, then some of the heat energy in the return can be absorbed by the
natural heat sink. In the figure, this is depicted as the 74°F outside air that absorbs 2°F off the return,

allowing a 76°F entering temperature. This means that instead of having to lower the temperature of
the return by 23°F, the chiller only has to lower it 21°F. This may not seem like a lot, but every little bit
helps. “Not surprisingly, truly free cooling is a myth. Just as there is no free lunch, free cooling is a
concept, not a reality” (Trane Company 1991). There is always a cost. In this example, extra energy is
needed for the fans to push the supply air through a longer loop exposed to the outside air. Another
type of free cooling is known as an airside economizer. An airside economizer uses outdoor air instead
of the return air as long as the outside air is cooler than the return air. The most common cost
associated with an airside economizer is the loss of control over humidity levels. This is generally not an
issue in dry climates, but can be problematic in more humid climates.
Another common method of saving energy is to employ a variable primary flow (VPF) system. In
a VPF system, two or more small chillers are linked to the same system in such a way that when only a
little cooling is required, only one chiller needs to operate. Then, for the short periods of the day when
cooling loads are very high, both chillers can be run to meet the needs of the building. This method can
be highly effective and often has a lower installed cost than a single chiller that produces the same
maximum cooling capacity (Schwedler 1999). However, a VPF system is not right for every situation.
These systems often require more floor-space because two (or more) chillers are being installed rather
than one, and if the building has a level cooling load throughout the day, a single large chiller operating
at its maximum efficiency will be more cost-effective to operate than two chillers that cycle on-and-off
throughout the day.
The final energy saving technique examined is the use of a thermal storage medium, typically
ice. Thermal ice storage “does for cooling what a domestic water heater does for hot water… ice storage
utilizes plentiful nighttime-produced electricity to generate and store daytime cooling” (Tarcola 2009).
According to PSEG (2010) electricity is generated at approximately the same rate during the day and the

night. But significantly less electricity is used during the nighttime than is used during the day. As a
result, nighttime electricity rates are much lower than daytime rates. In order to take advantage of this
phenomenon, an HVAC system can be used to produce ice during the off-peak hours and then melt the
ice to reduce the load on the chiller during the peak hours. The ice that was made very inexpensively
during the night can be used like free cooling, which was previously discussed. For example the
University of Arizona installed a massive ice storage system in 2005 and was able to save over $38,000 a
month simply by shifting when energy was used from the middle of the day to the middle of the night,
when electricity is much less expensive (Tarcola 2009). While ice storage itself does not lower the
energy usage of a building (in fact, it may increase it slightly) it does reduce the demand on the electric
grid during peak times, and often reduces energy cost because the electricity being used is purchased at
a cheaper rate. LEED looks at energy cost in addition to energy usage, so ultimately, “an ice-storage
system may help the overall building design receive points from the “LEED Energy & Atmosphere credit
1” based on the building energy savings beyond ASHRAE Standard 90.1-2004” (Solberg 2007). Armed
with these techniques and technologies a “green” HVAC system should be achievable.
But, just because a building is green does not mean that it is sustainable – nor will it qualify for
LEED simply by reducing energy costs. As stated in the report on Dutch green homes, “sustainable
building has developed … towards a discipline comprising various practical and scientific issues” (Bossink
2007). Often, a social component is examined as well as ecological issues. So, in order to be sustainable,
the owners have installed showers in the building as a way to encourage employees to exercise while on
lunch breaks, thereby improving the health and wellbeing of the occupant employees. This is where the
building moves from just being green (or energy efficient) into being sustainable. This practice, of
weighing not only economic concerns, but also ecological concerns and the comfort and health of the
employees is at the crux of a truly sustainable building. It is actually possible to apply a weighted metric
system to any building project that can help to balance these three “pillars” of sustainability (Avgelis

2009). By giving a weighted value to the comfort of the employees, the builders of Thanksgiving Park
came to the conclusion that valuable floor space should be used for employee showers rather than
additional rental space. They also were willing to accept a more expensive climate control system in
order to reduce the building’s impact on the environment. These decisions could be very different for
another owner, but for the owners of Thanksgiving Park, these sustainability issues were given a priority
over a purely economic view.
Although a great start, the showers were only one small thing the owners of Thanksgiving Park
could do to improve the condition of the employees that would one-day occupy the building. What else
could, or should, have been done to increase occupant comfort? One study out of Japan found that
giving employees the ability to control the climate in their immediate space resulted in employees being
on-task, in their assigned work areas, as much as twice as often as those without this ability. Across the
board, these employees preferred a cooler, drier work area than the standard climate provided to the
building as a whole (Akimoto et al 2010). Another Japanese study confirmed that participants preferred
a lower humidity environment. But, not only were employees more comfortable in a lower humidity
environment, but they were less tired, and took longer to become fatigued. In other words, a lower
humidity environment was linked to increased productivity (Harigaya et al 2007). Interestingly, HVAC
specialist have been advocating the delivery of cooler, drier air as a way to improve indoor air quality
through the reduction of mold spores for at least the last decade (Eppelheimer 2000).
In order to achieve the increased comfort of a low humidity environment, and indoor air quality
improvements, low-temperature low-flow supply-air systems typically deliver air to the conditioned
space at 48°F rather than 55°F(Eppelheimer 2000). With the reduced temperature of the incoming air,
the volume of air needed to cool the space to the same temperature is also reduced. Because of the
improved comfort of a drier environment, the conditioned space can actually be kept at a slightly higher

temperature, which again reduces the amount of supply air needed to maintain a comfortable working
environment. All of these reductions in airflow result in
Table 1 – Conventional and Cold Air Systems

smaller air handlers, which in turn use less energy and
have improved acoustics. Table 1, borrowed from
Eppelheimer (2000), compares a conventional system
to a “cold air” system.
There are other advantages to the cold air
system as well. According to Eppelheimer, because of
the reduced supply air requirements, the size of the air handler can be reduced. Smaller air handlers are
easier to install, run quieter, and are more easily and cheaply maintained, thus providing both economic
benefits to the building owner(s) and further increasing comfort for occupants. Additionally, smaller
ductwork can be used to supply the air to the conditioned space, and return it to the chiller. As with the
air handlers, smaller ductwork is much easier, and therefore much less expensive, to install and
maintain. Although not the case with Thanksgiving Park, larger buildings could actually realize additional
floor space (or even an extra floor) due to the shorter floor-to-floor height allowed by the reduced
ductwork sizing. Certainly “a comfort system that reduces building cost, and lowers energy cost while
improving comfort and indoor air quality makes sense in today’s competitive marketplace”
(Eppelheimer 2000).
This is not to say that cold air is always the best solution. There are certain factors that need to
be considered including the design of the building and the layout of the HVAC ductwork, which is the
purpose of this project. Additionally, lower temperature supply air should be paired with more heavily
insulated ductwork to prevent excessive heat transfer while the air is in transport. Mr. Eppelheimer
(2005) puts it this way, “it’s tempting to rely on ARI standard rating conditions … But, as valuable as

these benchmarks are for verifying performance, they are unlikely to reflect optimal conditions for the
entire system … especially as mechanical efficiencies improve and customer requirements change.” In
other words, each building needs to be evaluated as an individual, and an optimal system selected for
each particular building (Biesterveld 2008). This evaluation needs to be done not just for peak load
times, but for an entire year, or a number of years, in order to accurately reflect the true level of
sustainability achieved by the building (James et al 2010). This is especially true when seeking LEED
certification – which is a true measure of sustainable development. The need to individually analyze
each climate zone, and each building for that matter, is the impetus for this project.

Design
Objectives
The new building at Thanksgiving Park needs a sustainable HVAC system. The ideal system will
provide a low first cost, a low operating cost, reduced environmental impact, and improve the comfort
of all occupants. In order to achieve these four goals a high efficiency, low cost refrigerant will be
utilized in the central chilling plant. The first and lifecycle costs of high efficiency and standard chillers
will be examined. Fresh-air economizers will be used to supply the required fresh air to the system and
an optimal on/off temperature will be determined. Additionally, a low-flow, low-temperature supply air
system will be analyzed to determine its feasibility for this project and for the Salt Lake Valley in general.

Climate
Positioned at the junction of the Utah and Salt Lake Valleys, Lehi, Utah sits at the intersection of
“Bsk” and “Dfa” Köppen Climate Zones. These zones denote a dry, hot, continental climate. In particular,
the summers are hot, the winters cold, and the rate of precipitation is lower than the rate of
evaporation. (See appendix B for more detailed climate information and sources.) This has three

significant impacts on the selection of an HVAC system. First, hot summers require high levels of cooling.
Second, cold winters require more heating than temperate winters. Lastly, a dry climate reduces the
need for supply air dehumidification. Since this project is intended to find the optimal cooling system,
the high summer temperatures and humidity control requirements will significantly impact the final
equipment selection. Summer temperatures in Lehi typically exceed 90°F from June through August with
high temperatures reaching 110°F or more for short periods of time. Although humidity levels average
between 40% and 50% during the summer months, it can be as low as 10% on the hottest days, while
climbing above 80% during thunderstorms which frequent the valleys. Typically, 40% relative humidity
is considered the low-end threshold for office buildings. Below this level, static electricity can become
problematic. Therefore, the HVAC system will need to be able to handle the high temperatures as well
as the swings in relative humidity.

Requirements
There are four main ways in which heat energy is transferred to a conditioned space:
conduction, radiation, infiltration, and internal loads. Conduction is the heat gained by a conditioned
space due to one of its boundaries being warmer than the conditioned space. A good example of
conduction is wall in direct sunlight – the wall will heat-up and transfer some of that heat into the
conditioned space. Radiation is the heat gain produced by sunlight shining through glass and directly
warming the conditioned space. Infiltration refers to unconditioned air that leaks into the conditioned
space through poorly sealed doors, windows, and the through the natural respiration of porous
materials. The internal heat load is produced by people, equipment, and lighting inside the conditioned
space. As was discussed in the literature review, the number one rule of energy efficiency (for an HVAC
system) is to reduce the load.

In an effort to reduce the load due to solar radiation, Thanksgiving Park II will be oriented 45°
counter-clockwise from true north. This orientation takes advantage of a large mountain range to the
north and east of the building to minimize morning-time heat-gain. It also minimizes the true westward
exposure of the building which is important in reducing the load due to solar radiation. The highest solar
load generally occurs at 4 o’clock in the afternoon as the afternoon sun streams in through west-facing
glass. Since as much as 86% of each floor will have glass walls, this orientation offset must be factored in
to the calculations for selecting the best cooling system.
In order to calculate the total cooling requirements for the building it is necessary to break each
floor into zones that can be individually analyzed and then summed together. The simplest building
zoning system calls for the building to be broken into five zones. The first four zones cover the area that
extends 15 feet into the conditioned space

Figure 2 - Simple Climate Zones

from each of the walls facing in the four
cardinal directions. The fifth zone covers
everything inside of this area and is simply
called the “internal” zone. While this
simplified zoning system, depicted in Figure
2, is adequate for most small scale buildings,
it will not suffice for the Thanksgiving Park II
15 ft
building.
15 ft
Thanksgiving Park II is a large building. With 129,000 square feet of conditioned office space
spread across 5 floors, a much more detailed approach to zone determination is needed. The simplified
zones shown above assume that the entire interior of the building has a uniform heat load, but this will
not be the case with this building. Additionally, large buildings require a certain amount of outdoor air to

be vented into the conditioned space in order to prevent the air from becoming stale. This fresh air also
helps to flush out pollutants that can significantly reduce indoor air quality. So, accurately calculating the
buildings loads by hand would be a prohibitively time consuming process. Therefore, the TRACE 700
program will be utilized to determine the cooling and fresh-air required for the building.

Setting up the Simulation
TRACE 700 is a powerful simulation tool developed by the Trane Company. It is able to take into
account the specific climate of the new building’s location – it even comes pre-loaded with 30 years of
historical climate data for every major area in the United States. The program requires the user to input
the exposures of the building, which includes the height, amount of glass, construction material, and
direction of every external surface. Next, the user specifies the number of floors and enters the basic
parameters to which the system should be designed, such as desired indoor air temperature and relative
humidity. After defining the building basics, the user inputs the internal divisions of each floor into Trace
by defining rooms, hallways, etc. This information allows TRACE 700 to output the total heating and
cooling requirements for the building.
Armed with the knowledge of the total heating and cooling requirements for the building, the
sales engineer then proceeds to choose a baseline set of HVAC system components through the use of
generalizations. Rooms and zones are then assigned to be serviced by the different equipment. Utility
rates are established and an estimate of the installed equipment cost is also entered into TRACE. Once
all these parameters are established, the sales engineer runs the simulation and receives preliminary
results. This is when the ingenuity and creativity of the Sales Engineer comes into play. S/he must take
the baseline system and begin to tweak it through iterative changes to find the best system for the
building. This process can take anywhere from hours to weeks depending on the size of the building and

the competiveness of the bid. The more competitive the bid process, the more optimized the final
system must be.

Existing System
The Thanksgiving Park II simulation benefits from the fact that an identical building already
exists at the site. Because of this, the process of selecting an optimized HVAC system can begin from a
baseline with an acceptable track record rather than from scratch. The existing system employs a 350
nominal-ton, air cooled water chiller running on R134-A, an air-handler for each floor, fresh-air
economizers that activate when outside air is below the set-point, and Variable Air Volume (VAV) reheat
boxes in zone, to provide 250 tons of cooling and 115,000 CFM of air to the building. A VAV reheat box
receives the cold air from the air handler via ducting and then using an electric heating-coil, reheats the
air (if it is too cold) before distributing it to each of the diffusers in the zone. Although the VAV box may
sound inefficient, cooling the air below the desired delivery temperature is often done to reduce
humidity and improve the quality of the air being delivered to the space. The chiller installed at
Thanksgiving Park I (which is the baseline) achieving an 8.6 Energy Efficiency Ratio (EER) – which is a
ratio of the output cooling to the input energy. Although it may seem strange to have an efficiency
rating greater than one, EER does not use the same units for input and output. An EER of 12 means that
a chiller is capable of producing one ton of chilling for every KW consumed. So, an 8.6 EER chiller
consumes about 1.4 KW for each ton of chilling it produces.

Alternative Systems
Given the baseline system and the research performed, several good opportunities exist to
improve the efficiency of the HVAC system for Thanksgiving Park II over the baseline system. One option
will be to take advantage of the concept of low-flow low-temperature supply air. Another option is to
incorporate thermal-ice storage to help reduce the cost of operating the system. An EER of 8.6 is rather

low, most R-123 centrifugal chillers can reach 12.5 EER, and therefore a more efficient chiller may be a
good option as well. At the direction of the sales manager in the sales office the following three
alternatives will be examined:


Alternative 1 will be the baseline, as-installed, system.



Alternative 2 will utilize a low-flow low-temperature supply air configuration with the baseline
equipment.



Alternative 3 will make add thermal-ice storage to the existing system without changing the
supply air flow rate or temperature.



Alternative 4 will be an EarthWiseTM system that utilizes low-flow low-temperature supply air,
thermal-ice storage, and a more efficient R-123 chiller rated at 12.5 EER.

Methodology
The process began by determining the exposures and dimensions of Thanksgiving Park II. This
was a time consuming process that required some estimation. Using scale plans of the building, the total
exposure for each wall was determined. Then, using an engineering scale, the percentage of glass on
each wall was estimated. Shading factors for the glass (amount of solar radiation screen out) and
insulation factors for the walls were provided by CCI Mechanical, the contracting engineer. This process
was repeated for each of the five floors. Once the floors and walls were established, internal zones were
developed based on the planned rental pattern of the building. Some floors, such as floor four, were to
be rented out as a single large office space, so no internal divisions were made. However, the first floor
consisted of five different rental spaces, three hallways, a set of showers/lockers, and an entry way, that
would each need their own climate controls. This information, along with the climate data and building
type (Mid-rise office building) were entered into TRACE 700.

With the zones established it was time to add the baseline equipment to the simulation. The
sales records from Thanksgiving Park I were used to select identical equipment to be used as a baseline
in the simulation for Thanksgiving Park II. After selecting the equipment, each piece needed to be
assigned to its service zones and told how to service them – in this case, a Variable Air Volume (VAV)
reheat-box per zone was selected. VAV boxes adjust the amount of supply air coming into the
conditioned space to keep the space at the correct temperature. VAV reheat boxes will also heat the
supply air if it is too cold to allow into the space in the volume required for adequate ventilation. The
baseline system made use of fresh-air economizers which had to be defined in the TRACE simulation.
This took some doing, but after several emails to and from technical support, the economizers were
established in the simulation and appeared to be working properly. Next, the chilled water pumps
needed to be defined. These were very difficult to define as the size of the pumps would vary with the
equipment selections and sizing of the components. Eventually, a way was found to force the pumps to
vary with the type of equipment selected. With all of the baseline equipment selected it was time to run
the simulation. The results of this first run were then fed back into the simulation each time an
alternative system was added. In this way, the first run became the baseline for comparison.
One of the first details to be added back into the system was the selection of a utility rate plan.
Rocky Mountain Power, which supplies electricity to the state of Utah, suggested one of two rate plans.
The first was plan 6A and the second 6B. Schedule 6A (a usage-based plan) had varying rates per
kilowatt-hour used based on the time of day and time of year the electricity was consumed. Schedule 6B
(a demand-based plan) had varying rates based on the peak kilowatts demanded by the building again
based on time of day and time of year. The demand-based schedule was eventually chosen for its
moderate charge for electricity usage (kWh) at any time of day and its zero-cost for demand occurring
during off-peak hours. The specifics of Schedule 6B can be found in Appendix A. The process of
determining the best electricity rate structure to use was, like the rest of the simulations, an iterative

process of adding an alternative and fine tuning the simulation until the desired results were obtained.
The iterative steps went as follows:
1. Exposures, zones, chiller, air-handlers, and regional climate were established.
2. Fresh-air economizers were added.
3. Chilled water pumps were added along with ducting for supply and return air.
4. The results of the baseline were fed back into the system to better determine what equipment
should be selected. Utility rates were investigated; ultimately the most cost effective plan was
selected.
5. Installed cost and maintenance were determined and added.
6. The first alternative was added by specifying supply air temperature, which took several
attempts. It was finally determined that using a value below 48°F for the supply air would
“break” the simulation resulting in massive loads as the heating system would try to constantly
reheat the space while the chiller kept attempting to reduce the temperature of the space.
7. The second alternative was added by adding thermal storage equipment to the baseline chiller
and defining an operating schedule for this equipment. This was highly dependent on the utility
rate structure selected.
8. The third alternative was established by building-off the first alternative and adding thermal
storage and a high-efficiency chiller. Again, the utility rate structure played a major role in
defining a valid set of selections.
9. Economics were finally established for all four builds including installed cost, utility rates,
depreciation, taxes, and maintenance costs.
10. Technical support was contacted to assess the validity of the model. After several fine-tuning
issues, the simulation was complete.

Results
After numerous runs and refinements, the simulation had finally yielded results that seemed
reasonable, were verifiable, and hopefully valid. Figure 3 shows the annual electric utility cost of each of
the four systems.
Figure 3 - Annual Electricity Cost of the Four Systems

From these results it is clear that the EarthWiseTM system with thermal storage has the lowest
operating cost of any of the systems. However, there were trade-offs to consider. The more efficient
system might be substantially more expensive to install. The additional cost of not only the more
efficient chiller, but also the thermal storage tanks, could very-well eat-up the $28,000 in annual electric
savings. The EarthWiseTM system delivers the more comfortable cooler, drier air, but is it really more
sustainable than any of the other system? An economic analysis shows that the EarthWiseTM system not
only saves money annually, and produces a more comfortable environment, but is in-fact, a wise longterm economic choice. Table 2 details the economic comparison. Because the system uses smaller

piping for chilled water and smaller ducts for supply air the EarthWiseTM system only costs about
$42,000 more to install than the baseline system. This is paid back in less than three years.

Table 2 - Economic Comparison of Alternative Systems

The final question is whether or not this EarthWiseTM system is more efficient that the baseline.
Although the baseline system is capable of qualifying the building for LEED Silver, a more ecological
choice would be nice. Table 3 shows the ecological impact for the baseline, while Table 4 details the
ecological impact of the EarthWiseTM system. And the answer is, yes – The EarthWiseTM alternative is a
more ecologically sound choice than the baseline system.
Table 3 - Ecological Impact of the Baseline System

Table 4 - Ecological Impact of the EarthWise

TM

System

*A complete set of results are available to the reader in Appendix C

Conclusions
The EarthWiseTM system examined is a more sustainable choice than the baseline system
analyzed. As a result, the Trane Sales Office should recommend the EarthWiseTM system to the owners
of the new building at Thanksgiving Park as it will increase profits while reducing environmental impact
and improving the quality of life (or air at least) for the occupants of the building. Because of the
location of Thanksgiving Park II it can be assumed that a similar system should provide similar results for
other buildings in the Salt Lake and Utah Valleys. Although, a thorough analysis should be performed for
every building, the results of this analysis can be used as support for the recommendation of other
EarthWiseTM systems in the region. Ultimately, the new climate control technologies available from the
major companies, Trane in particular, can provide more sustainable options than those available even a
few years ago. Since building climate control uses up such a large proportion of all electricity, these
systems should be considered for all buildings of even moderate size.
To expand the validity of these results a more thorough comparison of just the EarthWiseTM
system and the baseline should be evaluated. More accurate values should be obtained for the installed
cost of the EarthWiseTM system. Additionally, examining the varying technologies from companies other
than Trane could lend validity to the concept of sustainable HVAC in general.
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Appendix A
Appendix A contains the executive summary report that was presented by the Rocky Mountain
Trane sales office to CCI Mechanical on 9 September 2010.

HVAC Alternatives Analysis
The Trane Company

Last update:
8 September 2010

This report outlines four alternative HVAC equipment selections for the Thanksgiving Park office
building. Thanksgiving Park is a five-story, “low rise” office building with approximately 128,000 sq-ft of
tenant office space. The first alternative is an attempt to model the equipment currently installed in the
Thanksgiving Park Phase 1 building. The second alternative is a typical low-flow, low temperature
system. The third alternative reuses the currently installed equipment with the addition of thermal ice
storage. The fourth, and final alternative, represents an advanced Trane EarthWiseTM system which
incorporates low-flow, low-temperature supply air with thermal storage (ice), and a high efficiency aircooled chiller. Critical to this analysis is the use of Rocky Mountain Power’s Schedule 6B, which provides
time-of-day based peak and off-peak pricing for power demand (KW).

Alternative 1 – Baseline (as installed)
Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 8.5 EER
Supply Air Temperature: 55°F
Chiller Water ΔT: 12°F

Alternative 2 – Low-Flow, Low-Temp
Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 8.5 EER
Supply Air Temperature: 48°F
Chiller Water ΔT: 16°F

Alternative 3 – Baseline w/ Thermal Storage
Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 8.5 EER
Supply Air Temperature: 55°F
Chiller Water ΔT: 12°F
Thermal Storage: 2000 Ton·Hr

Alternative 4 – EarthWiseTM Low-Flow, Low-Temp w/ Thermal Storage
Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 12.8 EER
Supply Air Temperature: 48°F
Chiller Water ΔT: 16°F
Thermal Storage: 2,000 Ton·Hr

Rocky Mountain Power Schedule 6B
On-Peak Demand

Off-Peak Demand

Usage

(7 a.m. 11 p.m.)

(11 p.m. – 7 a.m.)

May – September

$15.16 / kW

$0.00

3.1907¢ / kWh

October - April

$12.17 / kW

$0.00

2.9416¢ / kWh

This graph displays the net result of the electricity demand and usage charges for each of the four
alternatives. Note that the demand charge accounts for the largest portion of the total bill. As such,
anything that can shift electric demand from the peak to the off-peak times will result in substantial
savings. For example, the installation of thermal storage reduces the total utility bill by over
$20,000/year, even though the total usage went up, it occurs during off-peak hours.
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This graph shows the monthly electric demand cost for each type of equipment by alternative. By
making use of thermal storage (ice) alternatives 3 and 4 are able to reduce the cooling equipment
demand charges to almost zero, even during the peak months.
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This graph depicts the monthly electricity usage cost for the first year of operation for the various
alternatives. Note that during the peak months the thermal storage systems use a significant amount of
power. But, because this power is utilized during off-peak hours, only the usage is charged, at roughly
3¢/kWh, while the demand is not billed at all.
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The next two pages break out the monthly charges for electric demand and usage for all four
alternatives.
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The following tables display the total monthly energy consumptions for each alternative.
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Appendix B
Climate Data
http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ututah
UTAH LAKE LEHI, UTAH (428973)
Period of Record Monthly Climate Summary

Period of Record: 1/ 1/1928 to 11/30/2003
Jan Feb Mar Apr May Jun Jul
Average Max.
Temperature (F)
Average Min.
Temperature (F)
Average Total
Precipitation (in.)
Average Total
SnowFall (in.)
Average Snow
Depth (in.)

Aug Sep Oct Nov Dec Annual

36.2 42.0 50.4 61.3 71.4 81.7 90.0 87.6 78.1 65.0 48.3 38.8

62.6

15.0 20.3 27.2 34.0 41.4 48.2 55.6 54.1 44.2 34.3 24.9 18.0

34.8

0.91 0.90 1.04 1.17 1.10 0.72 0.66 0.91 0.84 1.08 1.00 0.85 11.18
8.1

4.2

3.0

0.9

0.0

0.0

0.0

0.0

0.0

0.3

3.4

6.8

26.8

2

1

0

0

0

0

0

0

0

0

0

1

0

Percent of possible observations for period of record.
Max. Temp.: 98.1% Min. Temp.: 98.1% Precipitation: 97.1% Snowfall: 93.9% Snow Depth: 83.3%
Check Station Metadata or Metadata graphics for more detail about data completeness.
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Koppen Climate System

http://snow.cals.uidaho.edu/clim_map/images/ut.gif
An excellent discussion of the Koppen Climate System can be found on Wikipedia* at the following link:
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification#GROUP_D:_Continental.2Fmicrothe
rmal_climate

*According to a study conducted by Nature Journal, Wikipedia is an accurate source of technical information,
containing on average, about half as many errors as the Encyclopedia Britannica.
http://science.slashdot.org/science/05/12/15/1352207.shtml?tid=95
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Appendix C – Complete Results
Design Airflow Quantities
Alternative 1 describes the airflow for the baseline and the thermal storage alternative.
Alternative 2 describes the airflow for the low temperature supply air and EarthWiseTM alternatives.
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Economic Cash Flows
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Economic Comparisons
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Monthly Utility Costs
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Economic Parameters
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Economic Summary
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Energy Consumption Summaries
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Monthly Energy Consumptions
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